Using measurements from the MLS/Aura and GOMOS/Envisat instru- in reasonable agreement with the observations. We point out that models 17 using the so-called P HOx /Q parameterization to include the effects of ion chem-18 istry could underestimate the HO x production and the resulting ozone de-19 pletion.
Introduction
Among the most striking phenomena affecting ozone in the middle atmosphere are observations. Thus, the theory of HO x production due to SPEs, involving quite complex 30 hydrate ion chemistry, has so far not been validated by measurements of odd hydrogen.
31
However, the good agreement in ozone losses between observations and models including 32 SPE-related HO x production has been an indirect indicator for the "HO x hypothesis" in 
Observations
The Microwave Limb Sounder (MLS) instrument on board the Aura satellite was Case II on Jan 20. For both cases high proton fluxes were observed at noon, as seen in ozone depletion is seen in the mesosphere with the magnitude depending on the altitude.
137
The maximum depletions of 90% are seen at 70-80 km. There are also some differences
138
between model results and the observations. In Case I, the observations, unlike the model,
139
show an increase of ozone by 30% at 45 km. In Case II, the model underestimates the increase. Further confidence in the model results is given by the very good agreement 147 with the observed changes in ozone concentrations.
148
The HO x production is sensitive to the amount of H 2 O. In the model, we used MLS altitude. Fig. 3 shows the diurnal variation of P HOx /Q on Jan 18 calculated from the 184 model results in two ways: 1) "directly" by assuming that OH production from HNO 3 185 is equal to HNO 3 production by ion-ion recombination, thus neglecting the delay, and 186 2) in a "delayed" manner by taking into account that the OH production from HNO 3 187 is due to photodissociation at daytime. The direct calculation gives a rather constant production is about the same, in the delayed case the P HOx /Q maximum is located around , with 30% of the total production being by HNO 3 197 photodissociation, under high-ionization conditions. In the case that the ionization rate 198 suddenly decreases after intense proton forcing the proportion can be considerably higher 199 because the instant production from ion chemical reactions will be lower. Therefore, using production can be overestimated, e.g. in the case of Jan 18 by ∼ 50% as seen in Fig. 3 .
203
The effects on HO x production should be most important in cases like the present one, 
